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‘K AN INVESTIGATIONOFFLOWINCIRCULARANDANNULAR

90°BENDSWITHA TRANSITIONINCROSSSECTION

By StaffordW. Wilbur

SUMMARY

An investigationat lowspeedof theperformancesof’circularand
annular90°bendsof simpleshapeswasconductedforconfigurationsfor
whichthecross-sectional~ea wasconstant,expanding,andcontracting.
Twoseriesoftransitionbends(circularto annularandannularto
circular)wereincluded,inwhichthetramition occurredupstreamof
thebend,withinthebend,anddownstremfromthebend. Thedatapre-
sentedincludetheexitvelocityprofiles,therelativetotal-pressure-
10SScoefficientsmeasuredat theexitstation,@ an indexforthe
exittotal-pressuredistortion.Separationof theflowinthebend
occurredforallconfigurationsexceptthosewitha contractingarea.
Withthetrsmsitionincrosssectiondownstreamofthebendproper,the
separatedregionwasremovedby naturalmixingbutwasaccompaniedby
highpressurelosses.Certainlocationsof thetransitionproducedhigher
performancesthanothers.

INTRODUCTION

Muchresearchhasbeenundertakeninan effortto obtaina better
understidingoftheflowoffluidsthroughbends.Mmt of thisresearch
hasbeendonewithbendsofconstant-cross-sectionshape,andsummriesof
existingdataon thistypeof 90°bendcanbe obtainedinreferences1
and2. Reference3 presentsthehigh-speedperformanceof thistypeof
bend. Withtheadventof theturbo~etandrsm-jetengines,moreemphasis
has,ofnecessity,beenplacedonthemoreunconventionaltypeofbends
thatmaybe incorporatedintotheinternalflowsystemsofsuchengines.
Quitefrequently,it isdesiredto admitairat thewingroot,or through
a scoop,afterwhichtheairmustpassbymeansofa bendsystemtothe
engineintakelocatedinthebodyoftheaircraft.Thelossesandthe
distortionof thevelocitydistribution.attheentramcetotheJetengine
mustbe keptsmall.
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Thepurposeof thepresentinvestigationwasto determinewitha *
“obendswithvariouscdi-mirdmumofmeasurementstheperformancesof90

..

nationsof cross-sectiontransition(circulartoannularandannularto
circular)inorderto evaluatemy generaladvantagesofonedesignover r

another.me principaldatausedtodetermine.performcewereexit
.—

velocityandtotal-pressuredistributionsandtuftobservationsthroughout
thebends.Briefinvestigationsoftheeffectof areach~ge inc~culfi =
andannularbendsarealsoincluded.TheinletMachnumberwasapproxi-
mately0.2forallconfigurationsexceptther@ucingbends;thesehadu
inletMachnumberof0..1.
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SYMBOLS

cross-sectionalarea

diameter

dismeterof circleof ssmeareaasbend-cross-section
flowarea

—

totalpressure *-
staticpres8ure

k
impactpressure,pt - p

radiusfromductcenterlinetopointinstream

meanrsdiusOfcm~t~e ofbend

radiusfromductcenterlinetoductwall

localvelocity

referenceinletvelocity,basedon pt,r andaveragewall
staticpressureat inletstation

inletappro@chlength _—.

J
Apt ~flow-distortionindex, ——
Q,r A

10ESintotalpressurebetweenreferencepressurept,r and
pointinexitstationsurvey

—
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r referenceconditions
&

i innerbody

c1 outerbody

A barovera symbolindicatesa weightedvalue.

APPARATUS,TESTS,ANDMETHODS

GeneralArrangement

Theapparatusforthisinvestigationconsistsoftheparticular
bendunderconsiderationprecededby an inletductofconstsmtaxea,am
inletbell,anda %-inch-dismeterductwhichwasconnectedtoa centrif-
ugalcompressor.Downstreamofthebendwasa uniformcross-sectionduct
throughWhichtheairpassedbeforebeingdischargedintothesurrounding
atmosphere.Theouterwald.of thebendwasformalfromtransparent
plasticreinforcedwithmahogany;theinnerbodiesin thebendwere
constructedfrommahogany.Theremainingductsweremadeof steel.A
photographofa typicalbend(configuration8) ispresentedas fi~e 1. _
Diagramsofthevariousbendconfigurationsinvestigatedareshownin
figure2.

Thebendsinvestigatedwereoffivegeneralcategories.Dimensions
ofbendsectionshavingotherthancirculsr-arccurvaturemaybe obtained
fromtableI. Throughouttherestofthisreport,thevariousconfigura-
tionsareidentifiedas follows:

(a) Constant-area,constant-cross-sectionbends(fig.2(a))

Configuration1 - circular(rc/D= 1.00)
Configuration.2 - EU’UIUISr(rc/D= 1.38)

(b) Constant-areatransitionbendswithcrosssectionchangingfrom
circularto annular (fig.2(b))

Configuration5 - changeincross-sectionshapeoccurs
beforebendproper(rc/D= 1.38)

Configuration4 - changeincross-sectionshapeoccurs
withinbendproper(rc/D= 1.38)

Configuration5 - changein cross-sectionshapeoccurs
afterbendproper(rc/D= 1.00)
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(c) Constant-areatransitionbendswithcrosssectionchangingfrom ~
annulart~ circular(fig.2(c))

Configuration
beforebeti

Configuration
withinbend

Configuration

6 - changeincyoss-sectionshapeoccurs x
proper(rc/D= 1.00)
- changeincross-sectionshapeoccurs

~roper(rc/D= 1.38)
.—

8 - chge incros~-sectionshapeoccurs
afterbendproper(rc/D= 1.38)

(d) Diffusingbends(fig.2(d))

Configuration9 - circular;arearatio= 1.9
Configuration10 - changefromannulartocircularcross-
sectionshapeoccurswithinbend;arearatio= 1.9

(e) Reducingbends(fig.2(e))

ConfigurationU_ - circukr;arearatio= 0.526
configurationM? - changefromcirculsxtoannu,ls,rCrOSS-

sectionshapeoccurswithinbend;arearatio= O.=

4

Instrumentation

A ringoffourequispacedstatic-pressureorificeswaslocatedat
boththeinletandtheexitstationsof thebend. (Seefig.2(f).) Two
pitot-static-pressuresurveyrakesweremountedat theinletintheplane
of symmetry;at theexitstiveystationtwopitot-static-pressuresurvey
rakesweremountedintheplaneof synmetryandonepitot-static-pressure
surveyrakewasmountednormaltotheplaneofsymetry.

Tuftsof cottonyarnattachedwithadhesivecellophanetapewere
equallyspacedthroughoutthebendsto indicatethecharacteroftheflow
nearthewalls.Exitpressuresurveysweremadebothwithandwithout
tuftstodeterminetheeffectoftuftsontheflow.

0.1
Alltestsweremade
and0.2andReynolds

fromO.68x 106to2.2X
todeterminethegeneral

!kstsandkthOdS

at low speedswithMachnumbersrangingbetween
numbers(basedonducthydraulicdiameter)varying
~06. Inletpresswesurveysweremadeinorder
natureandthicknessoftheboundarylayerand

todeterminetheflowasymmetryintheplaneofmeasurement.-hiet
boundary-layerflowwasturbulentinallcases.

●

Tuftstudiesweremade
todeterminethegeneralflowpatternsthroughoutthebends. ... .._#



NACA

s
mine

m 3995 5

Exitpressuresurveys(withandwithouttufts)weremadetodeter-
theexitvelocityandtotal-pressuredistributionsandthemean—

&ttotal-pressure-losscoefficient—.. Theimpactpressure~,r is
%,r

deftiedas pt,r minusthearithmeticaverageofthefourwallstatic-
pressuremeasurementsat theinletsurveystation.Forcasesinwhich
attachedflowwasobtainedat allsurveypositionsat thebendexit,the
bendlosscoefficientwasobtainedby massweightingthethreeexittotal-
pressuresurveys.Theassumptionsweremadethateachsurveycoveredone-
fourthof theexitarea~ thatthetotal-pressuredistributionswerethe
sameat thetopandat thebottomofthebendexit.Forcasesinwhich
separatedflowwaspresentat theexitdownstreamfromtheinnerpartof
thebend,a xncdifiedloss-coefficientevaluationwasused. Tnthesecases, -‘--
theweightedtotal-pressurelossof theflowintheinner25percentof
theexitcrosssectionwasaddedtothetheoreticallossrequiredtomix
thenonuniformdistributionofthatportionoftheflowtoa uniformone
ina constant-areafrictionlessduct. !Ihetheoreticallosswasevaluated
by useof the‘bass-momentum”methodofreference4,whichassumescon-
servationofmomentumandmaintenanceof continui~.Theuseofthis
procedureallowedthefinalmeanlosscoefficientforthesepsrated-flow
casestobebasedonthesametypeofexitflowdistributionas thatfor
theattached-flowcases;thus,allthedataweremadecomparable.!lhe

● total-pressuredistributiondownstreamfromtheinnerpartofthebend
foreithertheattached-flowcasesor themodifiedseparated-flowcases
wasuniformradially;however,thetotal-pressurelevelwasappreciably

c belowthatfortheothersurveylocations.Thelosscoefficientbasedon
a perfectlyuniformdownstreamdistributionwouldbe somewhathigherthan
thosepresentedherein.

Inorderto obtainan indexreflectingthemagnitudeandextentof
theexittotal-pressuredistortion,themeasuredpointvaluesofloss
coefficientwereareaweightedto obtainan averagevalue.Surveyswhich
indicatedessentiallyno total-pressurelossexcepta moderateamountof
boundarylayerat thewallswerenotincludedinthedistortionindex.
Thesignificantdifferencebetweenmass-weightedandarea-weightedmesw
loss-coefficientvaluesisthata mass-weightedvalueisnotmterially
affectedby largeareasof separationsinceno flowexistsinthese
regions,whereasanarea-weightedvaluewouldbe significantlyincreased
by theexistenceof suchregions.

RESULTSANDDISCUSSION

InletVelocityF?rofiles
.

Alltheinletvelocityprofilescorrespondtorelativew”thininlet
boundarylayers.(Seefig.3.) Theimpactpressureratiosindicatedby

.
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tableIIcorrespondto~ch numbersbetween0.1and0.21.Theprofiles
showthattheflowintheplaneoftheinletsurveymeasurementswas
influencedby theconfigurationat andimmediatelydownstreamoftheinlet
station,primarilyby transversestatic-pressuregradientssetupby the
bendsandby thecenter-bodydesign.Configurations3 and6 hadanarea-
transitionsectionbetweentheinletandthebendproper.Thistransi-
tionwasresponsibleformoresymmetricalinletvelocitydistributions
sincethesurveywasupstreemofthetransversestatic-pressuregradients
associatedwiththebend. Theremainingconfigurationshadsimilarinlet
velocitydistributions.‘lTnelocal-flowaccelerationwhichoccurredon
theinnerwall.ofthebendwasresponsibleforincreasedvelocitiesat
theinletstationintheregionoftheinnerwall.

EtcitVelocityandTotal-PressureProfiles

Bothoftheconstant-area,constant-cross-sectionbends(circular
andannular)hadseparationonthebendinnerwallat theexitsurvey
station(configurations1 and2,fig.k(a)).Themeasurementsat the
exitindicatefairlyuniformdistributionsexceptintheimmediateregion
of separation.Theconstant-area,circular-cross-sectionbendgivesexit
velocityprofilesthatarein closeagreementwithreferences3 and5.
Thepresentconfigurationhadan inlet-ductlengthequivalenttoone-
seventhofthatofreference5. Reference~.showsthatthereisa very
slighteffecton theflowat theexitofa 90°benddueto changingthe
inletdisplacementthickness.

Althoughboth~Uk& end circular-cross-sectionbendsresultedin
a similartypeof exitvelocityprofile,thecircularbendhada shorter
inlet-ductlength(0.667hydraulicdiameter)ascompar~withthatfor
theannularbend(2.15hydraulicdiameters).Thisdifferencein length
wouldbe offset,at leastinpart,by thelargereffectiveradiusratio
of theannularbend(rc/D= 1.38 ascomparedwith rc/D= 1.00 forthe
circularbend).References1 to3 indicatethatfortherangesof the
presentreporttheradiusratioofthebendhasa considerablygreater
influenceoverthelosscoefficientthandoestheinlet-ductlength.
Sinceexit-pressuresurveydatafor90°annularbendsarelimited,the
ttieeffectofradiusratioisunknownforthistype. Eowever,theexit
velocitydistributionofthesruml.arbend(configuration2)is about
comparabletothatfora circularbendwith__rc/Dof 1.5. (Seeref.6.)
Thisresultsuggeststhat,forconstant-area,constant-cross-section
betis,theratiooftheradiusofcurvatureto thediameterof a circle
withthesamecross-sectionalareaasthebendisa closecorrelating
parameter.

.
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Exitvelocityprofilesforconstant-sreatransitionbendswithcross
sectionchangingfromcirculartoannulsx(configurations3,k,sm.d5]
aregiveninfigurek(b). l%edataindicatethatseparationoccurson
thebendinnerwallof configurations3 and4,whereasno separation
occursat theexitstationofconfiguration~. Sincetheduct-cross-
sectiontransitionoccurreddownstreamofthebendforconfiguration5,
theseparatedbendflowevidencedby tuftsmixedandreattachedbefore
theexitsurveyplanewasreach~. Themagnitudeoftheeffectofthe
transitionsectionontheflowdistributionmaybe obtainedby comparing
profilesforconfigurations1 and5. A comparisonof thevelocitydis-
tributionsofconfigurations3 and4 withthatof configuration2
(fig.4 (a)) indicatesa closesi.mil-a.ri~.me ~c/D f’or these Configu-
rationsisthesame(rc/D= 1.38),sothatthedependenceof theexit
velocityprofileon thisnondimensionalratioisfurtherindicated.

Thedataforconstant-areatransitionbendswithcrosssection
changingfromanntirto circdar(configurations6, 7,and8 infig.4(c))
indicatethatthetransitionupstreamfromthebendproducedsomewhatless
flowseparationthantheplaincircularbendofconfiguration1 (compare
figs.4(c)and4(a)).Bendswithcross-sectiontransitionprcd.ucedmore
separationthantheplainannularbend(configuration2),becauseof the
inabilityof thetransitioninnerbodyto controlandturntheflow,emd

● aboutthesamesmountof separationastheplaincircularbend. Transi-
tionaftertheherdagainprcducedthemostuniformexitdistribution
withno evidentseparation.

●

Diffusingbends(configurations9 and10)arepresentedinfig-
ure4(d). No significantdifferencesareapparentintheexitvelocity
distributionsof thetwodiffusingbends.A largeregionof stagnantair
wasevidentat theexitstationwiththemainmassflowofairbetween
thebendcenterlineandtheouterwall. Theannularbend(configura-
tion10)producedsomewhathigherlocaltotal-pressurelosses.Thecir-
cularbendproduceda static-pressureriseof20percent(tableII)as
comparedwith10percentfortheannularexpndingbend. Theideal
static-pressureriseforthesebendsis73percent.Successfuldiffusing
bendsmusthavea muchhigherredtusof curvaturethanthatof thecon-
figurationsinvestigatedhereinsmdpossiblyspecialwallcontoursto
avoidthehighsd.versepressuregrsdientson theinnerwall.

Thereducingbendsinvestigated(configurations11and12)bothhave
goodexitvelocitydistributions(fig.k(e)),althoughtheveloci~at
theinnerwallforthecircub.r-cross-sectionreducingbend(configura-
tion11)isverylow. Thisvelocitydefectwouldbe eMminatedby use
of a slightlylargerradiusof turnorby additionofa longerductat
theexit. Tnedatashowthat,ifappreciableareareductionoccursin.
thebend,highperformancecanbe obtainedevenwithsimplecircular-arc
wallshapes.

.
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Surveysweremadeatthebendexitforseveraloftheconfigurations
.

todeterminetheeffectoftuftsonthevelocitydistribution.Originally,
itwasthoughtthattuftsmightactasa boundsry-layercontrolandspeed
themomentwinterchangebetweenfree-streamflowandtheflownearthe

.

wall. Forthoseconfigurationsinvestigated,onlytwo(configurations3
and6) indicateddiscrepanciesintheexitvelocitydistributionsmeasured —
With andwithouttufts.me velocitydistributionsmeasuredwithtufts
installedforthesetwoconfigurationsareshowninfigures4(b)and4(c)
as dashedcurves.Theseparatedregionalongtheinnerwallat theexit
stationis increasedby”approximately0.3inchwhentuftsareadded.
I?oneoftheremainingexitvelocitydistributionsmeasuredwithtuftsin
thebendexhibitedanydifferencesfromthoseuasuredwithouttufts.
Thenuniberoftuftsdoesnotappeartobe responsibleforchangedveloc-
itydistributions.Configuration6 hadrelativelyfewtuftsbutindicated
a displacementoftheseparatedregion,whereasconfiguration7 had
appreciablymoretuftsbutindicatedno changeinthevelocityprofiles.

—

Photographsofthesetwoconfigurations(6and7)arepresentedas
figure7.

MeanTotal-Pressure-hssCoefficientsandExit
Total-l&essureDistortions

?
Bargraphsofthecorrectedmeanlosscoefficientsandexittotal-

pressuredistortionsaregiveninfigure6 foreachconfiguration.The
resultsforconfigurations1 and2 permita directcom~ison ofthe

?

performancesofa circularbendandanannularbendforthecaseinwhich
theradiusratiooftheoutershelloftheannulusiseqpaltotheradius
ratioofthecircukrbend. !l%eannularbendprmluceda slightlyhigher
lossthanthecircularbendduetotheestimatedaddedfrictionofthe
annulus;however,theannularbendproduced,-considerabl.ylesstotal-
pressuredistortionthanthecircularbendduetothefavorableeffect —

oftheinnerbcdyontheflowdistribution,aspreviouslydiscussed.

Forthebendswhichhada transitionfroma circletoan annulus
(configurations3,4,and7)theconfigurationinwhichthetransition
occurredwithinthebendwasthemostcompactarrangementandhada%out
thebestperformance.locatingthetransitiondownstreamfromthe
circularbend(configuration5)produceda hightotal-pressuredistortion
duetothebadlyseparatedflowdellveredby thecircularbendtothe
transitionduct. Thedatashowthattheleadingedgeofthecenterbody
shouldbe locatedat orupstreamfromthebendinletsimihrto config-
urations3 and4.

A comparisonofthemeanlosscoefficientsforconfi~ations1 .
and5 showsthatconfiguration5 praluceda higherlosscoefficientthan
configuration1 ~ anamountapproximatelyequaltothefrictionlosses

a



5
NACATN3995

* to be expected
tion5 didnot
made;whereas,

9

inthetransitionpiece.Sincethesurveysof configura-
indicatiseparatedflow,nomixing-losscorrectionwas
thiscorrectionwasmadetothedataof configuration1..

The~esulting-losscoefficientof configuration1 appearsto-becorrect
inmagnitudewhencomparedwiththatforconfiguration5;therefore,the
methodusedis consideredtobe satisfactory.

Thedataforbendswithtransitionsfroman annulustoa circle
(configurations6, 7,and8) showthatthecaseinwhichthetransition
occurredwithinthebendproper(configuration7)producedthelowest
losscoefficient;however,italsoproducedthehighesttotal-pressure
distortion.Terminatingthecenterbodyat thebendexitapparently
permittedtheconfigurationto operateinverymuchthessmemanneras
theplaincircularbendexceptforsomereductioninthetotal-pressure
distortion.Imatingthetransitionpieceupstreamfromthebend
prciluceda slightlyhigherlossthanthebasiccircularbend(configura-
tion1)aswouldbe expected,butthebasicbendflowpatternwasaltered
by thetransitionsectionto theextentofproducingsubstantiallyless
total-pressuredistortion.kating thetransitionductdownstreamfy-~
thebendproperproducedbotha highlossanda hightotal-pressure
distortion.Theseresultsaredueto thesubstantialsecondaryflows
generatedonthedownstreampartof thecenterbcdyanddischargedinto
themainstreamat theterminusof thecenterbcdy. Thedatasuggesttlikt
an optimumdesignwouldbe a compromisebetweenconfigurations6 and7
withthecenterbodyterminatedat somelocationwithinthebend.

Thediffusingbends(configurations9 and10],whichhadan area
ratioof1.91,producedtotal-pressurelossesoftheorderoftwicethe
lossesof comparableconstant-areadesigns.Thetotal-pressuredistortion
werecorrespondinglyhigh. Theperformanceoftheannular-typeexpanding
bend(configuration10)wassubstantiallyworsethanthatofthecircul&r
bend,probablyduetothedevelopmentof secondaryflowson theinner
body.

Thereducingbends(configurations11andE?),whichhadan area
ratioof 0.523,producedsomewhatlesslossesandconsiderablylower
total-pressuredistortionsthamthecomparableconstant-areadesigns.
Thetransitionfromcircletoannuluswithinthe.bendhada favorable
effectonthedistortionindexinthecaseof configuration12,as it
hadforconfiguration4, in cmparisonwithtievaluesobtainedforthe
correspondingcircularbendswithouttransitions.‘

“

CONCLUDINGREMARKS

Circularandannular90°bendsof simpleshapeswereinvestigatedfor
casesinwhichthecross-sectionalareawasconstant,expanding,andcon-
tracting.Twoseriesof transitionbends(circular’toem.nularsmdannubr



10 NACATN3993

to circular)wereincludedInwhichthetransitionoccurredupstreamof w
thebend,withinthebend,anddownstreamfromthebend. Theprincipal
datatakenwereexittotal-andstatic-pressuredistributions.The
followinggeneralobservationsaremade: --

1.Theconstant-cross-sectionsmnularbendhadslightlymoreloss
thanthecorrespondingconstant-cross-sectioncircularbendbecauseof
thehigherfrictionlossof theannulusjbuttheannularbendproduced
a lessdistortedexitflowdistributionthanthecircularbend. The
resultsindicatethatforbendsofconstsntareasmdconstantcross
section,theflowdistributionisa functionoftheratioof theradius
ofcurvaturetothediameterof a circlewiththesameareaasthecross-
sectionflowareaofthebend.

2.Fortheconstant-area-bendconfigurationswhichincludeda tran-
sitionfroma circleto ansnnulus,theconfigurationsinwhichthetran-
sitionstartedatorupstreamfromthebendinletpr~ucedthehighest
performance.

.

3. Fortheconstant-area-bendconfigurationswithtransitionfroman
annulustoa circle,theconfigurationinwhichthetransitionoccurred

—

upstreamfromthebendproducedtheleastexittotal-pressuredistortion.
Theconfigurationinwhichthetransi.tlonoccurredwithinthebendpro~- ‘‘-”“’,-
duc~ theleasttotal-pressureloss.

4. Theperformanceofthetwodiffusingbends,,whichhadanarearatio v
of 1.91,wasextremelypoor. Thebendwhichincludedanannulartocirc-
ular transitionwithinthebendhada particularlylowperformance
probablyduetothedevelopmentofsecondaryflowsontheinnerbody.

5.Thetworeducingbends,whichhadanarearatioof0.523,had
somewhatlesstotal-pressurelossesandconsiderablylowertotal-pressure
distortionsthanthecomparableconstant-areadesigns.

ImgleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,February1,1957.
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ORDINATESOFBENDSECTIONSWITH
VARIABLECURVATURE

-d—

x

o
1

2

:
~“

7
8
9

10
U
12
12.~
13
13.5
13.75
14
14.1
14.2
14.3
14.4
14.5
14.6
14.8

r, in.

@

10.5
10.485
LO.44
Lo.32
LO.22
10.08
9.91
9.74
9.52
9.25
8.95
8.64
8.31
8.115
8.00
7.86
7.80
7.735
-----
7.695
-----
7.655
-----
7.625
7.60

7.25
7.23
7.16
7.05
6.89
6.68
6.42
6.10
5.73
5.28
4.76
4.15
3.42
3.02
2.56
2.08
1.82
1.%
1.37
1.20

● 99
.71

0
----
----

.

P>
deg

d, in.

@

21.0
20.76
20.10
19.45
18.76
18.06
17.36
16.66
15.92
--.--
--.--
-----
-----
15.19

@

14.5
14.13
13.15
11.95
10.80
9.66

,8.38
6.84

;:2
3.81
3.01
1.84

-----

.
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TAmLEII.- CIRCUMFERENTIALIMPACT-PRESSUREVARIATIONAT INLETANDEXIT

hlet
Pt ~ - Pwa~ ~it Pt,~ - Pwall

;oti@atim %,r qc,r qc,r
Pt,r

Top InnerBottomOuter Top InnerBottomOuter

1 0.0220.9431.4050.9590.6931.4051.932 L 1430● 977
2 .029 .9561.384 ● 955 ● 705I-.2ko1.800 1.019 .846

.030l:;: :.;Q& 1o11 .9401.236L 690 .986 .840
2 .030 .99 ● 7@ 1.1301.547 .936 .788
5 .030 .9541:355 .944 .7471.2601.289 1.2551.lg4

6 .0241.0371.003 1.010 .9501.2332.094 1.203 .9E2
.025 .9601.360 .980 ,7oQL346L 762 1.3121.02k

1 .024 .9411.420 .963 .6761.370L250 1.3701.245

9 .030 .9871.221 .998 .794 .928 .972 .743 .6L3
10 .029 .986L294 .968 .7521.064L096 .827 .679

11 .007 .9681.384 .946 .7023.U=o4.960 3.7502.970
au .011 .9291.463 .934 .6743.7004.5& 3.1502.6p

%?heseconfigurationshavea stagnationregionattheinletdueto
theproximi’qyoftheinnerbdy.
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Figure 1.- Typical.bend (configuration8). L-37-162

. c
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Inletsurveystetton
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I

+?~> -.T. –
Rdt surveystationJ

Configuration1

MS”eys”tio”

Configuration2

444—
. zl-

1

- 2/

t
[

I

d-

.
(a)Bendsofconstantcrosssection.

. Figure2.-Bendconfigurationsinvestigated.Alldimensionsaretiinches— —
unlessotherwiseindicated.



16 NACATN3995

d

.

21

4
Configuration3 /

/
/ /

L

%3
/.///\

+fl
ConfQuratlon4

(b)Constant-area
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